ABSTRACT. Two adjacent populations of the Arctic moth Gynaephora groenlandica, a High Arctic endemic species, were found in southwest Yukon, ca. 900 km south of the species' described distribution. Species identification was based on larval morphology for one population and on larvae rearing and DNA barcoding for the other. All three approaches clearly separated G. groenlandica from the closely related and frequently sympatric G. rossii. These records represent the first reports of G. groenlandica in alpine environments, and we recognize these populations as a distinct subspecies, G. g. beringiana, on the basis of differences in habitat, geography, wing phenotype, and DNA barcode. Given the limited dispersal ability of G. groenlandica, these records may represent isolated relict populations. Disjunct populations and new records of other species recently described for the southwest Yukon suggest 1) that this region is understudied and a potential refugium for species characteristic of different biogeographic influences and 2) that this region may be changing considerably in response to recent rapid environmental change, which has influenced species distribution, abundance, and phenology. Our findings, however, might result from a relatively poor description of the arthropod fauna of remote locations; these discoveries should therefore instigate further survey efforts.
northern Appalachians and the Colorado Rocky Mountains (Fig. 1) . A subarctic population was recently discovered in northern Alberta (Pohl et al., 2010) . In the Palaearctic, G. rossii occurs in Siberia west to the Ural Mountains (Witt and Ronkay, 2011) and in the alpine regions of Japan (Ferguson, 1978) . Gynaephora groenlandica is endemic to the North American High Arctic (Downes, 1964) , occurring in Greenland and the Canadian Arctic Archipelago (Wolff, 1964) . Only one prior record is known from the mainland of North America, in the northern Yukon (Ferguson, 1978; Lafontaine and Wood, 1997) .
The two species, though closely related, are reproductively isolated, so no hybrids occur (Morewood, 1998) . Immature stages are the most conspicuous life stage (Ferguson, 1978) , but their identification has created some confusion that persists in the literature (Morewood and Lange, 1997) . Larvae of both species can vary in colour (Schaefer and Castrovillo, 1979; Morewood and Lange, 1997) , but the later instars can be readily distinguished by the form of the hairs (spinulose in G. groenlandica and plumose in G. rossii) and the colour patterns of their dorsal hair tufts (Morewood and Lange, 1997) . In general, larvae of G. groenlandica are larger and have longer, more uneven hairs than those of G. rossii (Morewood and Lange, 1997) . Rarely, larvae of G. rossii may lack the characteristic grey plumose hairs (Morewood, 1998) , but the pattern of dorsal hair tufts is different in such cases, with no black tuft at the tail end (Mølgaard and Morewood, 1996) . In fact, this hair tuft on the eighth abdominal segment, described as a "rudimentary hair pencil" (Ferguson, 1978:19) , is characteristic of G. groenlandica. Cocoons of the two species are spun on exposed sites, such as rocks, and are distinctive; those of G. groenlandica are larger and have two layers, in contrast to the single-layered cocoons of G. rossii (Morewood and Lange, 1997) . Larval hairs are incorporated into the cocoon, and the presence of spinulose versus plumose hairs can help distinguish the two species (Mølgaard and Morewood, 1996) . Wing patterns of adults also differ: G. rossii has more marked patterns, and it has a broad dark band along the margin of the hind wings, which is lacking in G. groenlandica (Ferguson, 1978; Mølgaard and Morewood, 1996) . However, adults are more difficult to find in the field (Wolff, 1964; Lafontaine and Wood, 1997) . The adult lifespan is very brief, with emergence and reproduction occurring within a 24 h period (Kukal and Kevan, 1987) , and as in a number of other lymantriine moths, females do not fly. Males fly very actively during the day and are described as flying "high, fast and erratically" (Ferguson, 1978:19) .
YUKON OCCURRENCES
Except for a record from the Arctic Coast (Lafontaine and Wood, 1997) Wolff (1964) , Ferguson (1978) , Mølgaard and Morewood (1996) , Pohl et al. (2010) , and specimens examined in this study. Yukon sites for G. groenlandica beringiana are indicated with a red star. Range, SW Yukon (61˚12′ N, 138˚16′ W; Fig. 2A -D, F). The two sites are ca. 30 km apart. Examination of specimens in the Canadian National Collection of Insects, Arachnids, and Nematodes (CNC) of Agriculture and Agri-Food Canada also revealed a specimen from the Ogilvie Mountains 400 km to the north. No previous records for this species are known south of the Arctic Circle, and the SW Yukon records are ca. 900 km south of the southern limit of its described distribution range (Ferguson, 1978) .
We attempted to rear the larvae collected from Silver Creek in the lab, but only one female completed development to the adult stage (Fig. 3A) . We compared this population to other Gynaephora specimens in the CNC and sequenced the 658 bp "barcode" region of the first subunit of the cytochrome oxidase (cox1) gene (Ratnasingham and Hebert, 2007) . Tissue from specimens (1 -2 legs) was submitted to the Biodiversity Institute of Ontario, University of Guelph, where samples were processed through the "Barcode of Life Data Systems" (BOLD; Ratnasingham and Hebert, 2007) . Haplotypes of all barcodes were compared with phylograms constructed using the neighbour-joining method as implemented on the BOLD website. Identification of specimens from the Ruby Range was based on larval morphology only. Gynaephora rossii was also present at this site, but larvae of the two species could be readily distinguished using the diagnosis in Morewood and Lange (1997) . Estimated larval densities from transects conducted in the dry tundra-boulder field ecotone in the Ruby Range were 0.02 larvae/m 2 (SD = 0.04; Barrio et al., 2013) , a density consistent with those of High Arctic populations (Kukal and Kevan, 1987) .
Comparison of the reared female specimen and a male specimen from the Ogilvie Mountains to those from High Arctic populations shows the alpine G. groenlandica to differ noticeably in wing phenotype. Also, DNA barcode haplotypes of the two Yukon specimens differed from four Arctic specimens (Table 1) by 0.46% -0.47% (Kimura 2-parameter distance model). Variation within the Nunavut specimens ranged from 0.0% to 0.31%. Further comparison of DNA barcodes of G. groenlandica through the BOLD database shows that Arctic and Greenland populations exhibit shared or similar haplotypes, which again differ from the Yukon population. Given the differences in habitat, geography, wing phenotype, and DNA barcode, we recognize these alpine populations as a distinct subspecies: Gynaephora groenlandica beringiana Schmidt and Cannings (Fig. 3A, B) . GYNAEPHORA GROENLANDICA BERINGIANA
Description
The new subspecies can be described as follows: Vestiture of head, thorax, abdomen and legs an even, lead grey; male antennae bipectinate, longest rami about 10 times as long as length of segments; female antennae short (1/4 length of forewing) and weakly biserrate; eyes reduced and ellipsoidal, as in most other diurnal Arctic-alpine noctuoid moths; eye reduction more pronounced in female; forewing length 19.5 mm in female, 17.5 mm in male; wing markings completely lacking in female, forewing lead grey with sparse fine black scaling faintly visible; fringe concolorous; hindwing slightly paler and more translucent; male forewing hoary grey and peppered with black scaling, faint patterning consisting of a black, diffuse discal spot and remnants of an antemedial and a postmedial fascia, each represented by indistinct black bars at the costal margin; hindwing slightly paler and more translucent, lacking scattered black scales and pattern.
Diagnosis
This subspecies is distinguished from G. g. groenlandica (Fig. 3C, D) by the colour of the adults, geographic distribution, and DNA barcodes. The wings and body vestiture of G. g. beringiana are a lead-grey ground colour, compared to the decidedly tan-brown cast of G. g. groenlandica. Subspecies beringiana occurs in high alpine habitats of the Yukon, whereas groenlandica occurs from the Arctic coastal plain north to Ellesmere Island and Greenland. Genitalic structure was not examined, but is presumably like the very simple structure of the nominate subspecies described and illustrated in Ferguson (1978) . The DNA barcode haplotype is distinct from those of other G. groenlandica sampled to date and is available on the GenBank database (accession numbers JN280825 and JN280826). Ferguson (1978: Plate 1, Fig. 29 ) illustrated and discussed an unusually pale-tan specimen from Firth River in the British Mountains on the Arctic Coast; examination of this specimen (CNC) suggests that the unusual colouration is the result of bleaching through prolonged exposure to sunlight, or possibly exposure to an unknown chemical. A second, reared female specimen from the British Mountains agrees well with typical Arctic populations of G. groenlandica, and we therefore assign these northern Yukon specimens to the nominate subspecies.
Type Material
The following specimens were used to describe the new subspecies: Holotype ♀ (Fig. 3A) . CAN: Yukon Territory, Kluane Ranges, headwaters of Silver Creek, 1785 m, rocky tundra, ex larva coll. 18.Jun.2010, leg. S. Cannings. Voucher # CNCLEP00094172; DNA voucher # "acrorev gga1"; GenBank accession # JN280825; (CNC). Paratype ♂ (Fig. 3B) 
Etymology
The name beringiana reflects the fact that these populations likely persisted in alpine habitats of the Beringian refugium during the last glacial maximum.
DISCUSSION
These southern, alpine populations of G. groenlandica beringiana are especially interesting from an ecological point of view. G. groenlandica is well adapted to cold Arctic environments (Danks, 2004) and it has never before been described in an alpine environment. Its life cycle, with an extraordinarily extended developmental period (Morewood and Ring, 1998), is a consequence of low Arctic temperatures, the nutritional quality of its preferred host plants, and parasitism (Kukal and Kevan, 1987; Kukal and Dawson, 1989; Kukal, 1995) . Low temperatures constrain larval metabolism and feeding activities, but biotic factors confine larval activity to a brief period (ca. three weeks) immediately following snowmelt, after which the larvae spin hibernacula and become dormant until the following spring (Kukal and Dawson, 1989; Morewood and Ring, 1998) . However, alpine populations are exposed to conditions different from those in the High Arctic, such as different seasonal and daily patterns of temperature and photoperiod (Danks, 1999) , and their life histories may differ. Such a difference has been reported for G. rossii: alpine populations have a shorter development cycle (estimated as 2 -3 years vs 10 years in Arctic populations), females are more mobile than their flightless Arctic counterparts, and larvae feed on a broader spectrum of plants (Schaefer and Castrovillo, 1979) . For example, it is notable that the larvae we found in 2012 were active in mid-July. In the High Arctic, G. groenlandica larvae were reported to be active only earlier in the season, ceasing their feeding activity and starting to spin their hibernacula by the end of June, to avoid the peak of activity of adult parasitoids (Kukal and Kevan, 1987) . However, the summer of 2012 was particularly cold (on average 2˚C below the normal; D.S. Hik, unpubl. data), with snow cover almost until the end of June. To what extent this later activity period represents a local adaptation to alpine environments or a phenotypic response to an exceptionally late summer remains to be investigated.
It is interesting to note that, at the Silver Creek site, one of the dominant plants was Oxytropis arctica var. murrayii (Jurtsev) S.L. Welsh (Fabaceae), a southern disjunct form of an otherwise Arctic endemic species (Cody et al., 2005) . Many of the caterpillars observed were climbing on these plants, and perhaps feeding on them (Fig. 2C) . Another plant species, Puccinellia vahliana (Liebm.) Scrib. and Merr. (Poaceae), shows a disjunct distribution similar to that of O. arctica, and it is found on Mt. Decoeli, a nearby peak in the Kluane Ranges area (B. Bennett, pers. comm. 2012). Pleistocene glaciations have shaped the distribution of many plants and animals in the Yukon (Lausi and Nimis, 1985; Danks et al., 1997; Harris, 2004) . There have been several reports of range extensions and new species from the southwest Yukon over the past decade (Lafontaine and Troubridge, 1999; Cody et al., 2004 Cody et al., , 2005 , suggesting (1) that this region is understudied and a potential refugium for species characteristic of Beringian, Cordilleran, Arctic, Boreal, and Maritime biogeographic influences (Lausi and Nimis, 1985) ; and (2) that this region may be experiencing considerable change in response to recent and rapid environmental change influencing species distribution, abundance, and phenology. These populations of G. groenlandica may also represent isolated relict populations, but further evidence is needed. Gynaephora groenlandica may be particularly prone to regional isolation and relictualism because females are flightless, and dispersal between alpine habitats of separate mountain ranges is therefore expected to be limited. In any case, these records of G. groenlandica are the first reports of this species in alpine environments and extend its known distribution range considerably to the south. Our findings might result from the relatively poor description of arthropod fauna of remote locations, and these discoveries should therefore instigate further survey efforts.
